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Magnetic-field-dependent plasma composition of a pulsed aluminum arc
in an oxygen ambient
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A variety of plasma-based deposition techniques utilize magnetic fields to affect the degree of
ionization as well as for focusing and guiding of plasma beams. Here we use time-of-flight
charge-to-mass spectrometry to describe the effect of a magnetic field on the plasma composition of
a pulsed Al plasma stream in an ambient containing intentionally introduced oxygen as well as for
high vacuum conditions typical residual gas. The plasma composition evolution was found to be
strongly dependent on the magnetic field strength and can be understood by invoking two electron
impact ionization routes: ionization of the intentionally introduced gas as well as ionization of the
residual gas. These results are characteristic of plasma-based techniques where magnetic fields are
employed in a high-vacuum ambient. In effect, the impurity incorporation during reactive thin-film
growth pertains to the present findings. ZD01 American Institute of Physics.
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A variety of plasma-based growth and etch techniquegies are not important for applications of ion beams where
utilize magnetic fields to guide and focus ion beams as welmass selection is used, for example, prior to injection into
as to increase the plasma density of low pressure dischargesccelerators. However, if thin-flm growth is attempted,
Examples of magnetically enhanced growth or etch techplasma impurities that originated from the residual’gasn
niques are: Magnetron sputtering with intefna(B have a profound influence on the composition and structure
=0.12T) and external(B=0.013 T) Helmholtz coils, heli- of films.}*'> A meaningful investigation of the plasma com-
con plasma sourcé§B=0.2T), magnetically filtered afc position evolution in the presence of magnetic fields must
(B=0.18T), as well as magnetically filtered high currenttherefore include all plasma constituents.

arc (B=0.046 to 0.2 7. An indepth discussion on magneti- Here, we report plasma composition data clearly indicat-
cally enhanced physical vapor deposition techniques isng extensive ionization ofi) the residual gas, as well as the
available® (i) previously reported ionization of intentionally introduced

Naturally, vacuum based techniques are characterized hyas in the presence of magnetic fields. The reported data are
the presence of residual gas. Recently, it was shaat  quantitatively relevant for filtered cathodic arc techniques as
ionization of residual gas occurs in the presence of a 0.4 Tvell as qualitatively relevant for plasma-based deposition
magnetic field in a Au arc plasma without intentionally in- and etch techniques in the presence of magnetic fields since
troduced gas, 0.22 atomic ratio of the plasma consisting oélectrons are already trapped at field strengths in the range of
ionized residual gas. Metal plasma streams generated by cgeveral mT. This is because the electron gyration radius for
thodic arc sources are widely used for reactive thin-filmsuch field strengths is smaller than the discharge dimension
synthesi§ as well as for ion implantatiofijon immersion  for typical electron temperatured ) in a low pressure dis-
implantation® and ion injection into acceleratot8An inher- chargeT,~2-5 eV!® and the collision frequency is smaller
ent drawback of utilizing cathodic arc sources for thin-film than the gyration frequency.
growth is the production and subsequent incorporation of SO The plasma composition analysis was carried out using a
called macroparticles. The most frequently applied approachacuum arc plasma source with a time-of-flighfFOF)
to strongly reduce the amount of those is to utilize curvedcharge-to-mass spectrometer in which an ion beam is formed
magnetic fields for macroparticle filterig There are pub- py the extraction of ions from the vacuum arc plasma source
lished data available describing the effect of a magnetic fieldgistance from source to extraction systerf.1 m). A sim-
on the plg.\sma composition of re-ac'Five, pu|S§d CathOdi(infied schematic of the experimental setup is shown in Fig.
arcs*? In this work, the presence of ionized reactive gas was;_ o 200 ns sample of the beam pulse is selected by a set of
reported. However, no attention was paid to the concurrennnylar electrostatic TOF gating platétistance from ex-
ionization of the residual gd$.This apparent limitation in traction system to TOF gate0.65 m) and allowed to drift to
perspective may be due to the condition that plasma impuriy magnetically suppressed Faraday *€uphich is located
1.03 m from the TOF gate. From the measured ion current—
3Electronic mail: jmschneider@ifm.liu.se time dependence, the plasma composition can be calculated,
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us. All data were taken at 150s after the arc was ignited
and 50 plasma pulses were averaged for the plasma concen-
tration calculation.
since the TOF of the different ionic species in the beam In Fig. 4, the log plasma concentration is shown versus
depends on their charge to mass rafié typical example of ~ the magnetic field strength. A strong influence of the mag-
the current versus TOF is shown in Fig. 2. The TOF systenietic field strength on the plasma composition was observed.
has been described in detail elsewhémnd has been used Without the magnetic field, the plasma consists to 95.1% of
extensively to explore the charge state distribution of thgonized Al species; the balance is given by ionized oxygen
ions produced by the vacuum arc plastia® with 3.0% and 1.9% of ionized hydrogen, which is consistent
The TOF system was modified in such a way that awith previously published valuéS. As the magnetic field
magnetic field in the immediate vicinity of the cathode canstrength is increased to 0.22 T, the nonmetal ionized species
be induced by a magnetic field coil, powered by an externaincrease by an order of magnitud® € 45.7%;H = 32.6%).
pulsed power supply. The variation of the magnetic fieldAt largerB=0.22 T ionization of the nonmetal species have
strength was+=5% over the whole arc pulse, as shown inreached saturation. Saturation may be reached as a result of
Fig. 3. the limited amount of oxygen and water available in the
The ion beam extraction is virtually unaffected by the system.
magnetic field, since the magnetic field strength at the ex-  The extensive amount of hydrogen originates from water
tractor location is<1% of the maximum value in the sole- (from the ambient water and water induced by plasma stimu-
noid center. Hence, the effect of the magnetic field is limitedated desorption from the chamber wafighe main constitu-
to the plasma at and close to the solenoid. This techniquent of the residual gas in a high vacuum ambiénit. is
was successfully used in the past to modify the charge statgraightforward to understand that the oxygen ion current is a
distribution of ions produced by the vacuum arc plasfid.  result of ionized intentionally introduced oxygen and oxygen
Data were taken at an oxygen partial pressure of Syriginating from ionized water. The presence of ionized re-
X 107°Torr (6.7mPa, the base pressure wax20 ° Torr  sidual gas is particularly significant in thin-film deposition. It
(0.27 mPa. The magnetic field strength was varied from 0 tojs well known that the absorption probability of an energetic
0.36 T. The rectangular 400 A arc current pulse, generatefhn into a growing film is often larger than for a low energy
by a 1 Ohm pulse-forming network, had a duration of 250neutral(see for example Ref. 21Previously we have found

FIG. 1. Schematic of the experimental setup.
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FIG. 2. lon current vs TOR500 ns/diy at an oxygen partial pressure of FIG. 4. Plasma composition vs magnetic field strength at an oxygen partial
5% 107 ° Torr and a magnetic field strength of 0.36 T. pressure of %107 ° Torr.
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that an extensive amount of hydrogen is incorporated in filmgrowing film. These results pertain to all plasma-based tech-

grown from a similar plasma as analyzed in this wtftk. niques in the presence of magnetic fields in residual gas, and
It is reasonable to assume that nonionized, residual gas particular for filtered cathodic arc systems.
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